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the susceptor and the heating u^t are accommodated in the processing 

. . ^ « State in which the susceptor is rotated 

the substrate is processed xn a state in wm^ 

relative to the heating unit, 

at least tho s.scep«>. is Ufted and lowered in the processmg chamber. 

a lifting and lowering apparatus is disposed in the processing chamber 
fe, lifting and lowering the substrata with respect .0 at least a portion of the 

~ then the substrate is lifted or. lowered, at least with respect to the 
portion of the susceptor, a distance between the suscep^r and the heatu^g u». . 

mamtaixied constant. . ' „ ^is^-n +>ip 

;^.^g to the above-described substrate processing apparatus, when th , 

substrate .0 bo processed is transferred » and fion. the s««ptor,.a space (vacant 
^rlbefeLedbelow the substrate to be processed.b.mingandlower»gth 

I^LTto be pressed b, the suhstrate to be processed Ufting and lowering 
il^, The««,re, a twee^r of a mechanical type substrate W^ 
. he inserted into the space. That is, b. inserting the twee.r 
.alow the suhstrate to be pro«ssed,- the substrate to ^ 
lechanicaU. supported by the twee.r .on> belo. and thus, ^ ^^^^ 
: processed can be transferred by the mechanical ^e substrate «ansfer appsxatus^ 
Zr t is unnecessary to use a vacuum absorption and holding apparatus or a 
I^l'ahsorption and holding apparatus having a complicated ^ *.r 
transferring the substrate to be processed . , 

According to a second aspect of the present invention, there is provided a 

substrate processing apparatus, including: 

a susceptor disposed in a processing chamber and on which a subsuate 

is placed, and 
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a heating tmit disposed below the susceptor in the processing chamber 
for heating the substrate placed on the susceptor, wherein 

an upper surface of a peripheral portion of the susceptor and an upper 
surface of the substrate placed on the susceptor are flush with each other, and 

when the subtrate is hfted or lowered, at least with respect to a portion 
of the susceptor, a distance between the susceptor and the heating unit is 
maintained constant. 




According to a third aspect of the present invention, there is provided a 
substrate-processing apparatus, including: 

a susceptor on which a substrate is placed; and 

a heating unit disposed below the susceptor for heating the substrate 
placed on the susceptor, wherein 

when the substrate is lifted or lowered, at least with respect to a 
portion of the susceptor, a distance between the susceptor and the heating unit is 
maintained constant." . x 



Please replac^he paragraph on page 9, liiies7-9^ v^ith the fQllowing text,; 



^9 



"A substrate processing apparatus according to one embodiment of the 
present invention will be explained. with reference to the drawings below." 




- PleajSiy ! lepl a e o tho two parafrrnphn Qtaytin}:*- on - ^^ a ^ 11 ; line Sn^ ariH 

continuing to page 12, Hne 23, with the follo wing text: ; 

"A heating unit 27 is concentrically disposed on an upper end of the support 
shaft 26 and horizontally fixed thereto, and the heating unit 27 is lifted and lowered 
by the support shaft 26. That is, the heating unit 27 is provided with a doughnut- 
like flat-plate shaped support plate 28, and an inner peripheral portion of the 
support plate 28 is fixed to an upper end opening of the support shaft 26- A 
plurality of electrodes 29 serving also as columns vertically stand on an upper 
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surface of the support plate 28 at apluraHty of inner peripheral locations and outer 
peripheral locations of the support plate 28. A heater 30 bridges over and is fixed 
between upper ends of the electrodes 29. The heater 30 entirely uniformly heats 
the wafer 1 held by a susceptor 40 (which will be described later). 

A reflection plate 31 on which a titanium thin film is mirror-finished is 
horizontally supported by columns 32 standing on the support; plate 28 below the 
heater 30 of the heating unit 27. The reflection plate 31 effectively reflects heat 
waves radiated from the heater 30 vertically upward. A pluraUty of thermocouples 
33 as temperature sensors are disposed on the support plate 28 at appropriate . 
distances &om each other such as to project above the heater 30, The 
thermocouples 33 measure a temperature of the wafer X -heated by the heater 30. ; 
Electric wires (not shown) of the heater 30 and the thermocouples 33 are connected 
to an external power supply or a controUer through an opening of the support plate 
28 and a hoUow portion of the support shaft 26 from the heating unit 27." 

Please replace the two paragraphs starting on page 25, line 4. and continuing 
to page 26, line 10, with the following text: 

"(5) For the reason of the paragraph (4). it is unnecessary to employ the va ^ 
absorption type wafer transfer apparatus using the vacuum absorption and holding 
apparatus or the static absorption type wafer transfer, apparatus using the static 
absorption and holding apparatus having a complicated structure as the wafer 
transfer apparatus. Therefore, it is possible to largely reduce the production cost of 
the single wafer-fed CVD apparatus: Further, the application range of the 
invention is not limited, and the invention can be appHed to general substrate 
processing apparatuses such as normal CVD apparatuses, decompression CVD 
apparatuses, and plasma CVD apparatuses. Since a vacuum absorption and 
holding apparatus including a non^contact type vacuum absorption and holding 
apparatus holds a wafer by a pressure difference between upper and lower surfaces 
of the wafer, the vacuum absorption and holding apparatus can not be used in a 
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decompression chamber. Further, as the static absorption and holding apparatus 
absorbs a wafer utiHzing static electricity, the apparatus can not be used when 
there is a possibility of electrostatic destruction, and a diselectrifying apparatus or 
an antistatic apparatus is required, and a structure and management of the 
apparatus become complicated. 

(6) The wafer lifting and lowering apparatus 50 is disposed outside the rotation 
drum 35. the three engaging members 53 slightly engage the outer periphery of the 
wafer 1 to support the wafer 1 from below. Therefore, the effect exerted on heating 
of the heating vmit 27 of the wafer lifting and lowering apparatus 50 can be 

1 r>aT\ ViP rr>-nt.mllftd 

suppressed ana inus, tne cemperauure uistiiu»*ia.uij. V* v»*x, * -v... . 

entirely uniformly over the entire wafer 1 irrespective of existence of the wafer 
lifting and lowering apparatus 50." 

Please replace the paragraph starting on page 27, line 20, and continuing to 
page 28, line 1, with the following text: 



"Although, -the abutting members 55 of the wafer Ufting and lowering 
apparatus 50 abut against the step-like abutting portion 56 formed on the side waU 
of the lower cap 13 of the chamber 12, in the above embodiment, the abutting 
members 55 may abut against a bottom surface (upper surface of the bottom cap 15) 



of the processing chamber 11 




27 so as to be opposed to the fixed insertion holes 66, respectively. Pins (movable 
pins, hereinafter) 69 for pushing up the wafer from the susceptor are vertically 
sUdably fitted into the guide holes 68. Each of the moveable pins 69 includes a 
large-diameter portion and a small-diameter portion and formed into a round rod 
shape, and a lower end of the large-diameter portion is formed with a flange 70. 
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The flange 70 is opposed to a bottom surface of a support hole 67 formed in an upper 
end of the fixed insertion hole 66. The small-diameter portion of the upper end of 
the movable pm 69 is formed with a push-up portion 71. The push-up portion 71 
passes through the reflection plate 31. the heater 30 and the susceptor 40. 

That is, at three locations respectively opposed to the three movable pins 69 
at the reflection plate 31. the heater 30 and the susceptor 40. insertion holes 72. 73 
and 74 are formed such that the push-up portions 71 can be inserted mto the 
insertion holes 72. 73 and 74. As shown in Fig. 6. the three insertion holes 74 
formed in the susceptor 40 are positioned at an outer peripheral portion of die 
central member 41 of the susceptor 40. and the three insertion holes 74 disposed m 
the circumferential direction are opposed to the tbxee fixed pins 61. Therefore, the ■ 
insertion holes 74 do not interfere with the tweezer. 2 of the wafer l^ansfer 
apparatus to be inserted into the wafer carry in-out port 16." 



Please replace the paragraph starting on page 35. line 18. and continuing to 
page 36. line 3, with the foUowing text: . _ ■ 

-^Further. sinc^. thf ^ea CT unit 2 / is support e d ffinngprnthafr^^^ 

is not rotated, the temperature distribution of the wafer 1 which is heated by the 
heating unit 27 while being rotated by the rotation drum. 35.is controlled uniformly 
in the circumferential direction. If the temperature of the wafer 1 is uniform over 
the entire surface, the film thickness distiribution and the fihn quality distribution 
of the CVD film formed on the wafer 1 by the thermochemical reaction is controUed 
uniformly over the entire surface of the wafer 1." 



Please replace the paragraph on page 41. lines 9^17^vdt^^ 



„j^^ ^ the mov able pins 69 are .et equTClT^h up the rotation- 
side Ting 81 vertically, and the length, correspond to the pmhiug-up amount of the 
„afex from the susceptor. Lower ends of the movable pins 69 are opposed to the 
bottom surface of the processing chamber 11. i.e.. the upper surface of the bottom 
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cap 15 such that the movable pins 69 can be brought into and out of contact with 
the bottom surface of the processing chamber 11. i.e., the upper surface of the 
bottom cap 15" 



Please replace the three paragraphs staiting on page 42, lines 5. and 
continuing to page 43, line 13, with the following text: 

n^^^ of the heater-side pi5i-85^are-set.eqaal to each other so as to push_^ 

up the heater-side ring 84 vertically, and lower ends of the heater-side pins 85 are 
opposed to an upper surface of the rotation-side ring 81 with an appropriate aix gas 
interposed therebetween. That is, when the rotation drum 35 is rotated, the heatsr- 
side pins 85 do not interfere with the rotation-side ring 81. 
Q In the pfesent embodiment, a plurality of three push-up pins (push-up - 

portions, hereinafter) 87 are vertically upwardly projecting from an upper surface of 
the heater-side ring 84 at equal distances from one another in the circumferential 
direction. Upper ends of the push-up portions 87 pass through the reflection plate 
•31, the heater 30 and the susceptor 40 and are opposed to a lower Surface of the 
central member 41 of the susceptor 40. Lengths of the push-up portions 87 are set 
equal to each other such as to push up the central member 41 vertically. In a state ' 

in which the heater-side ring 84 sits on the support plate 28; an upper end of the ' 
heater-side ring 84 is opposed to an upper surface of the central member 41 with an 
appropriate air gap therebetween. That is, the push-up portions 87 do not interfere 
with the susceptor 40 when the rotation drum 35 rotates. 

In Fig.l3, for the sake of expediency of illustration, the upper ends of the 
push-up portions 87 are located on the upper side of the heater 30. but as shown 
with phantom line in Fig.l5A. it is preferable that the upper ends of the push-up 
portions 87 are located below the heater 30 and the reflection plate 31 in view of the 
heating efiect of the heating unit 27. That is, if the push-up portions 87 are 
projecting above the heater 30 and the reflection plate 31. there is an adverse 
possibility that hot wires of the heater 30 and the reflection plate 31 are shielded." 
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Please replace the paragraph oxx page 44. lines 2-19, with the following text: 



-^IX^h^^^^I^.!!, when the wafer 1 islFiSiferred out, if the rotauon orum 
35 and the heating unit 27 are lowered to the lower Hmit position by the rotation 
P shaft 34 and the support shaft 26, the lower ends of the rotation-side pins 82 of the 
wafer lifting and lowering apparatus 80 abut against the bottom surface of the 
processing chamber 11. i.e.. the upper surface of the bottom cap 15. Therefore, the 
'^rotation-side ring 81 is lifted with respect to the rotation drun. 35 and the heatmg 
unit 27 The lifted rotation-side ring 81 pushes up the heater-side prns 85, and 
thereby pushes up the heater-side ring 84. If the heater-side ring 84 is pushed up, 
the three push-up portions 87 standing on the heater-side ring 84-suppoxt the 
central member 41 of the susceptor 40 from below, and float up the central nlember 
41 from the first peripheral member 42 and the second peripheral member 43. 
Since the central portion of the wafer 1 is placed on the central member 41. the 
wafer 1 is floated up 



-pwT^SJ^^T^graph on page 45, lines S-lS ^th the following text: 



2A inserted below the wafer 1 is. lifted, and 
the tweezer 2A transfers and receives the wafer 1. At this time, the fork-hke 
tweezer 2A receives an outer peripheral portion of the lower surface of the wafer 1. 
The tweeter 2 wHch received the wafer 1 moves the wafer backward through the 
carry, in-out port 16 and transfers the wafer 1 out from the processing chamber 11. 
The wafer transfer apparatus which transferred out the wafer 1 by the tweezer 2A 
transfers the wafer 1 to a predetermined accommodating place (not shown) such as 
a vacant wafer cassette outside the processing chamber 11." 
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Pleas, replace .he 'paragraph =tarUng on pa^ 49, Hne 2B, and «.n«nuia. t, 

naee 50 line 9, the foUowing text: — _ . 

of the e^ust port IB andlEr^^l^ 

station dru^ 35 are ostahlished. the proc,..ing gas 3 is introdW .to the ^ 
rotalu,,. ..ram gas 3 introduced into the gas mtroducmg 

rr.!:ttolg" :Uee— g^rce^thee-.^^^^ 
ports 21 flows mto g ^ ^^^^^ 

nrdrltr^eprccess^ggasShlo^ont^.^ 
blowout ports 23 ia dra™ into the — port 18 and —eu. 




, Please replace the paragraph starting on page 50, Une 23. and conto^^ 

page 51, tee.l3^_ ^the fonowing;text; . . ,h,r;r:n^ 

--Furtber since the heating mut a .s eupptrti^ tliilSaggBrt sna 

is not i.e te.p.a.nre distrihuUon of the wafer 1 which is hsated^^^ 

unit 2, .hiuheu. rotatedh, -^'^::r^:::z 

i„ the ciTcun&rential direction. . Since the susceptor 40 IS . not torm 
I^on holes through wh^ the pnsh-np portions S, are it^ed, and^^n^^^ 

u .1, previously heated when receiving the susceptor. 40. the 
eentral memher 41 « ^ . ^ ^^^^ the entire 

"'.tr^u:^ let.! uniform over the entire ,ur.oe, the 
r:^cird^:l-the«lm,uaht..s.r.hut.on.f.he^^ 
on the w^r 1 hy the thermoche^ical reaction is controUed un^rml. over the 
entiiesuifece of the wafer 1." — 




Please replace the three paragraphs starting on^age^* ^^ 22, and 
continuing to page 66. UneU^mththefc^^ 



^^^^SaS;^^-. . .d out. the rotation 
^ 35 and the heating unit 27 are lowered to the transfer pos.t«n of the 
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processing chamber 11 by the rotation shaft 34 and the support shaft 26, and the 
rotation drum 35 is lowered by the rotation shaft 34 with respect to the heating 
unit 27. If the rotation drum 35 is lowered with respect to the heating unit 27. the 
lifting and lowering ring 94 of the wafer lifting and lowering apparatus 90 is Ufted 
with respect to the rotation drum 35. If the heating and lowering ring 94 is lifted 
with respect to the rotation drum 35, the three push-up portions 97 standing on the 
"^l lifting and lowering ring 94 support the central member 41 of the susceptor 40 from 
' ' below, and float up the centiral member 41 from the first peripheral member 42 and 

the second peripheral member 43. Since the centiral portion of the wafer 1 is placed 

on the central member 41, the wafer 1 is floated up. 

As shown in Fig' 16, when the wafer lifting and lowering apparatus 90 floats 

up the wafer 1 from the upper surface of the susceptor 40. the insertion space is 
J\ \ll formed below the wafer 1. i.e.. between the lower surface of the wafer 1 and the • 
^ upper surface ofthe susceptor 40. Next, a fork-like tweezer 2A of the wafer transfer 

.. {jsk^- apparatus is inserted into the insertion space of the wafer 1 from tixe wafer carry in- 

out port 16. That is. like the above-mentioned third embodiment, the wafer I 

be transferred by the mechanical wafer transfer apparatus. 

After the wafer 1 is transferred, as shown in Fig,l7. the rotation drum 35 and 

" the heating unit 27 axe lifted by the rotation shaft 34 and the support shaft 26 with 

respect to the processing chamber 11, and the rotation drum 35 is lifted by the 
, rotation shaft 34 with respect to the heating unit 27. If the rotation drum 35 is 

lifted with respect to the heating unit 27, the central member 41 supported by the 
push-up portion 97 of the hfting and lowering ring 94 is lowered with respect to tiie 
rotation drum 35. and the central member 41 is fit into the first peripheral member 
42. In this state, the wafer 1 is moved onto the susceptor 40, and the upper surface 
of the wafer 1. the upper surface of the first peripheral member 42 and the upper 
surface of the second peripheral member 43 axe flush with each other." 
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